Abstract -A Imu-cost EMCprecompliance test-set is essential to reduce the development costs of any electrical device. In this paper a precompliance test-set which is based on a genemlputpose sampling oscihscope and on a fast$liering algorithm is presented This system hns been designed as a lowcost altentnfive to the typical precompliance test-sets for the measurement of conducted emissions that are based on spectrum analyzers equipped with EMC jilters and peak detectors. An experimental example of the results obtained with a sampling oscilloscope equipped with 8 kbyte of memory is given.
I. INTRODUCTION
The Electromagnetic Compatibility (EMC) certification is one of the most critical issues in the design and fabrication of any electrical device since, in most countries, emissions and susceptibilities must comply with strict regulations. However, EMC full-compliance measurements of both conducted and radiated emissions are rather expensive and require dedicated instrumentation not readily available in most laboratories of small and medium enterpnzes. A low-cost precompliance testset is therefore important to reduce the overall cost, since it allows the repeated characterization of a prototype while still under development to be obtained. This way, the expensive EMC measurements, required to test the compliance to the actual regulations, can be performed in a qualified test site only during the last phase of the device development cycle. The proposed system has been designed to perform the peak analysis of conducted emissions following the CISPR16 recommendations. The test-set, based on a medium-level sampling oscilloscope, can be employed for pre-compliance purposes and is a low-cost alternative to the typical test-sets based on spectrum analyzers.
COMPLIANCE AND PRECOMPLIANCE TESTS FOR CONDUCTED EMISSIONS
Compliance tests for conducted emissions are performed in qualified sites according to specific standards. As an example, in Europe, data processing devices must be characterized using the setup defined in the CISPR16 recommendations [l] and must comply with the emission levels defined in the European Norm EN55022. Similar levels are defined in others countries (e.g. FCC15 in USA).
Receiver i ,

Mains
-FH-Gl Conducted emission measurements are carried out using a line impedance stabilization network (LISN) and a receiver that are connected as schematically shown in Fig. 1 . The LISN is basically a passive filter that lets the mains signals feed the equipment-under-test (EUT), while routing the EUT disturbances to the receiver. The CISPR16 recommendations define most of the receiver specifications such as the detector type and the intermediate filter (IF) bandwidth. In particular, for conducted emission measurements in the band B of the spectrum (i.e. from 0.15 MHz to 30 MHz), the recommendations require a quasi-peak detector with a charge time constant of 1 ms and a discharge time constant of 160 ms and a receiver having an IF filter bandwidth of 9 W z at the -6 dB points.
Precompliance measurements are a low-cost solution useful to obtain an approximation of the EUT emissions. These measurements are often carried out for pre-certification purposes and are typically performed with a setup similar to the one shown in Fig. 1 , but where a general purpose spectrum analyzer substitutes the receiver [2] . Commercially available analyzers are typically equipped with a peak detector and a set of IF filters not suitable for EMC measurements. However, most spectrum analyzer manufactures, in order to improve their instrument versatility, provide their top-class instruments with an optional quasi-peak detector and an EMC compliant filter. Different approaches, which are based on the acquisition of the EUT emissions, have been recently investigated [3] [4] in order to emulate quasi-peak receivers. A common approach is based on a digitizer, that samples the LISN output, and on a numerical processor that performs the spectrum analysis of the acquired signal. The digitizer sampling-frequency, which is strictly related to the investigated signal bandwidth, has to be 0-7803-7218-2/021$10.00 02002 EEE greater than 100 MHz when the full CISPR16 band B needs to be analyzed. Furthermore, the digitizer must be able to store a large amount of samples (typically more than 5 Msamples) because the acquiring process has to be carried out at least for some periods of the mains signal. The acquired samples have then to be processed in order to obtain the disturbance signal spectrum. The spectrum analysis algorithm has to emulate the receiver behavior and then the spectral content at a generic frequency fo is typically obtained following two steps: firstly the signal is filtered by means of a numerical band-pass filter centered at fo and then a non-linear algorithm, which acts as a peak or quasi-peak detector, is employed then providing the disturbance amplitude at the frequency of interest. The bandpass filter and the detector have to be designed in order to follow the CISPR-16 recommendations.
Regardless of the employed test-set, measurements done using a quasi-peak detector are much slower than those using a peak detector, so compliance and precompliance measurements are often performed in two steps in order to reduce the overall test duration:
In the first step a fast measurement of the emissions against frequency is carried out using a peak detector. This analysis is an overestimation of the EUT disturbances since the peak detector response is very sensitive to EUT impulsive emissions. In the second step the quasi-peak detector is employed to investigate only the frequencies corresponding to emissions exceeding the limits. This phase is avoided if the spectrum obtained with the peak detector does not exceed the limits.
PEAK ANALYSIS BASED ON SHORT FRAME ACQUISITIONS
Sampling oscilloscopes are nowadays an attractive solution to be employed as high speed digitizers for precompliance purposes. Top-class oscilloscopes are often provided of large and fast memories and can thus be employed for the full band B analysis both with peak and quasi peak-detectors. On the contrary, most medium-level oscilloscopes are able to acquire few thousands of sequential samples only, and cannot be employed to reconstruct large signal frames, i.e. by means of a time equivalent technique, because disturbance signals are often non-periodic. However, when several short frames a e available, it is still possible to perform the signal spectral analysis as required in the CISPR-16 recommendation, but only the peak detection algorithm can be employed. In fact, if the frame width is as wide as the filter time response, at least one sample of the filtered signal can be obtained and, if several randomly acquired frames are available, it is possible to obtain a set of random filtered points that can be employed to estimate the peak of the filtered signal. The minimum frame width is related to the filter time response. 
where hfo [.] are the samples that describe the filter impulse response and fs is the sampling frequency. In this case the filter time response is related to the number N of filter coefficients. The h f o ( t ) function (see appendix 1) depends on the band-pass filter characteristics: commercial EMC compliant spectrum analyzers have gaussian filter shapes with a bandwidth of 9kHz at the -6 dE% points, so hf,, (t) has, theoretically, an infinite duration. However, as it can be seen in Fig. 2 , hfo (t) quickly decreases outside the peak zone so its tails can be neglected. Experimental tests have shown that a filter output error of less than 0.1% arises when about 0.3 ms of hf,, (t) is taken.
Therefore, an acquisition 0.3 ms long allows one to obtain at least one sample of the filter output. As an example, if a sampling rate of 100 MHz is employed, a frame of about 32 ksamples is wide enough to compute a sample of the filter output. These values are compatible with the memory characteristics of most modern sampling oscilloscopes. Oscilloscopes with a smaller memory can still be used if the sampling frequency and the investigated bandwidth are proportionally reduced.
When the entire band B has to be investigated, several filters are needed, so the filtering process could require a long time to be performed. The duration of the filtering process can be significantly shortened if a filter-bank based on the Inverse Fast Fourier Transform (IFFT) algorithm is employed. The number of frames that have to be acquired in order to find the signal peak is related to the repetition rate of the disturbance signal. In most practical cases, when the disturbances have approximatively the same repetition rate of the mains signals (50 Hz or 60 Hz), experimental results have shown that few thousands of filter-output samples allows one to detect the signal peak with a maximum error that does not exceed 1 dB.
IV. EXPERIMENTAL RESULTS
The peak analysis of a signal disturbance has been performed both with the proposed test-set and by means a spectrum analyzer equipped with an EMC personalization card. Fig. 3 shows the experimental test-set that is composed of an arbitrary signal generator, a low-pass filter, a sampling oscilloscope, a spectrum analyzer and a Personal Computer that controls the oscilloscope, and stores and filters the acquired signal frames.
The arbitrary signal generator has been used as a source of reproducible and known emissions. The output signal, shown in Fig. 4 , is an approximation of the typical conducted emissions generated by a dimmer regulator and has been obtained in an analytical way.
The generator output has been filtered to reduce the aliasing effects using a second order low-pass filter having the cut-off frequency at about 10 MHz. The sampling oscilloscope has a
The same emissions have been measured, for comparison purposes, with a commercial spectrum analyzer equipped with a band B EMC filter and a peak detector. The sweep rate of the analyzer has been set to 30 s in order to allow its IF filter to work with quasi-steady signals.
In these conditions, the proposed system provide 4192 points of the signal spectrum equally spaced up to the Nyquist frequency, while the spectrum analyzer frequency provide 401 points only. The spectrum obtained with the proposed system has been thus decimated with a rate of 10 in order to compare the results with a similar frequency resolution. 
V. CONCLUSIONS
In this paper a low-cost precompliance test-set for conducted emission measurements has been presented. The test-set has been designed to evaluate the peak value of the emissions and is based on a general purpose sampling oscilloscope. Experimental results have shown that the proposed system can be used as a low-cost alternative to a spectrum analyzer equipped with IF filters compliant with the CISPR16 recommendations.
APPENDIX 1: IMPULSE RESPONSE OF THE RECEIVER PASS-BAND FILTER
Receiver performance is strictly related to the intermediate frequency (IF) filter characteristics. Gaussian filters with linear phase are often employed as IF filters because of their good performance in the presence of swept signals [6] . The frequency response H ( f ) of a gaussian filter with center frequency fo can be derived by shifting the frequency response of the equivalent low-pass filter response HLP (f) [7] :
The constant U , which is related to the quality factor of the filter, can be obtained from the CISPR16 recommendation. In fact, conducted emission measurements in the range (0.15 f 30) MHz, require a receiver with IF filter bandwidth Bs of 9 kHz at the -6 dB points. The U parameter has been thus
(4)
The constant 7 in Eq. 3 represents the time shift of the filter impulse response, and can be arbitrarily chosen because the CISPR16 recommendation does not specify any details regarding the phase response of the IF filter.
The inverse Fourier Transform of Eq. 3 has a gaussian envelope and can be written as a function of the inverse Fourier Transform of the low-pass equivalent filter h'(t): Fig. 2 is a graphical representation of Eq. 5.
APPENDIX 2: THE IFFT BASED FILTER BANK
When the signal disturbance has to be investigated in more then one frequency point, the signal has to be filtered by means of a set band-pass filter centered at the frequencies of interest.
Eq. 1 has thus to be computed for every filter thus increasing the overall computation time. However when the filters are equally spaced it is possible to drastically reduce the compu- Transform can be employed instead of the IDFT, thus greatly reducing the overall computational time.
